Abstract Inflammation is associated with glenohumeral arthritis and rotator cuff tendon tears. Epigenetically, miRNAs tightly regulate various genes involved in the inflammatory response. Alterations in the expression profile of miRNAs and the elucidation of their target genes with respect to the pathophysiology could improve the understanding of their regulatory role and therapeutic potential. Here, we screened key miRNAs that mediate inflammation and linked with JAK2/STAT3 pathway with respect to the coincidence of glenohumeral arthritis in patients suffering from rotator cuff injury (RCI). Human resected long head of the biceps tendons were examined for miRNA profile from two groups of patients: Group 1 included the patients with glenohumeral arthritis and massive rotator cuff tears and the Group 2 patients did not have arthritis or rotator cuff tears. The miRNA profiling revealed that 235 miRNAs were highly altered (fold change less than -3 and greater than ?2 were considered). Data from the NetworkAnalyst program revealed the involvement and interaction between 3,430 different genes associated with inflammation out of which 284 genes were associated with JAK2/STAT3 pathway and interconnect 120 different pathways of inflammation. Around 1,500 miRNAs were found to play regulatory role associated with these genes of inflammatory responses and 77 miRNAs were found to regulate more than 10 genes. Among them, 25 genes with less than tenfold change were taken to consideration which altogether constitute for the regulation of 102 genes. Targeting these miRNAs and the underlying regulatory mechanisms may advance our knowledge to develop promising therapies in the management of shoulder tendon pathology.
Introduction
Hyper-activation and persistence of inflammation has been reported in several musculoskeletal diseases, especially rotator cuff injury (RCI). Inflammation and pain are the two major symptoms of the patients with RCI and the conventional treatment approaches are aiming in the management of these symptoms [1] . RCI can be both degenerative and traumatic in nature depending on the multifactorial etiology and these causative factors may be either extrinsic or intrinsic [2] . Interestingly, irrespective of the causative factors and severity, the inflammation is a prominent hallmark in most clinical cases and the sustainability of inflammation delays the response to medications and healing [3] . This was evident by the upregulation of proinflammatory cytokines, biomarkers, and receptors in the tendon tissues even after the setting of clinical symptoms. The mechanism and driving force behind the prolonged inflammatory reactions are yet to be unveiled for a mechanically robust minimally vascular tissue like tendon [4] .
The co-existence of clinical conditions like osteoarthritis is reported to exasperate the inflammatory reactions of joints [5] . The rheumatoid arthritis and glenohumeral arthritis have been reported to be the aggravating factors of inflammation in patients with degenerative RCI [6] . The cumulative effects of arthritis along with preexisting RCI demonstrate osteopenia, glenohumeral/acromioclavicular erosions, and proximal humeral migration which offer challenges in repair pathways and therapeutic strategies of the rotator cuff [7] . The inflammation will be prolonged at cellular and molecular level for several months even after the setting of arthritis which creates a higher chance for reoccurrence of RCI. The molecular events leading to the persistence of inflammation in RCI regarding the presence/ absence of arthritis is still unknown.
Cytokine release is considered to be the initial event in inflammation and most of the cytokine expression and action was reported to be regulated by signal transducers and activators of transcription (STAT) proteins [8] . Apart from cytokines, the association of Janus kinase (JAK) and the downstream molecules with STAT pathway activates inflammation by facilitating chemokine expression, differentiation, and maturation of hematopoietic cells, stem cell activation, and production of reactive oxygen/nitrogen species [9] . The interplay between cytokine signals and STAT proteins is necessary for the execution of inflammatory responses associated with infection or injury. The extracellular interaction of ligand activates the JAK/STAT pathway by inducing conformational changes to the receptor which in turn triggers a phosphorylation cascade to downstream substrates including STATs. The phosphorylated STATs (activated) translocate to nucleus and assemble as dimeric or oligomeric complex at the specific enhancer sequences of the target inflammatory genes, thereby regulating their transcription. Seven STATs and four JAKs exist in mammalian system, each of which is recruited depending on tissue specificity and receptors and/ or ligands involved [10] .
The inflammatory signaling pathways and molecules are also regulated epigenetically by miRNAs. miRNAs like miR-29, miR-133a, miR-155, miR-221, miR-223, miR-652, etc., are well known for their active role in inflammatory diseases including arthritis [11] . Similarly, the specific roles of miR-9, miR-127, and miR-125 were reported to trigger M1 macrophage polarization, while miR-223, let-7c, miR-124, miR-132, miR-34a, miR-146a, and miR-125a-5p mediate M2 polarization [12] . Immune cell differentiation and proliferation are also under the regulation of miRNAs. To cite, miR-106a, miR-20a, and miR-17-5p mediate monocyte differentiation and miR106a, miR-106b, and miR-19 are actively involved in T cell differentiation and signaling [13] . miR-223, let-72, miR-147, and miR-9 regulate inflammation by targeting the downstream signaling molecules of TLR signaling pathway [14] . The miRNA-mediated regulation of cytokines, which are associates with JAK/STAT pathway, was also well established. For example, miR-27a, miR-23a, and miR-24a target IFN-c, miR-10a regulates TGF-b, and miR-9 and miR-31 are the regulators of IL-2 [15] . The transcription factor NF-jb, which regulates a battery of pro/anti-inflammatory genes, was also reported to be regulated by miR-146, miR-125, and miR-21 [16] and miR-181a, miR19a, and miR-124 regulate TNF-a [17, 18] .
Even though limited number of reports are available [19, 20] , the miRNA-mediated regulation of inflammation in human rotator cuff tendon has not been well established. The implications of miRNA-mediated inflammatory responses (especially targeting JAK/STAT signaling) coinciding with arthritis and/or non-arthritis environments of RCI are still unknown. The goal of the study is to characterize miRNAs associated with JAK2/STAT3 pathway of inflammation and to identify their target genes involved in the pathophysiology of glenohumeral arthritis and its coincidence with rotator cuff tears. The findings from this study could unravel their regulatory role and therapeutic potential. The present study compares the alterations in miRNA profile among the patients with and without glenohumeral arthritis and rotator cuff tears in combination with the integrative expression analysis of inflammatory genes associated with JAK/STAT pathway and their cross talk with other inflammatory pathways using the meta-analysis program NetworkAnalyst.
Materials and methods

Tissue collection and processing
The Institutional Review Board (IRB) of Creighton University approved the research protocol. All patient volunteers signed the consent form and the HIPPA form. The RCI patients were explained in layman terms about the details of the procedures and written informed consent was signed before the surgery. Eight RCI patients were recruited for the study over a 6-month period. Four patients were undergoing reverse shoulder arthroplasty to treat glenohumeral arthritis with massive rotator cuff tears (Group 1). The second group was undergoing arthroscopic biceps tenodesis surgery without rotator cuff tear of glenohumeral arthritis (Group 2). The grouping was based on severity of inflammation and the presence of arthritis based on preoperative imaging. The biceps were tenotomized in all patients, resected, and sent for analysis. The tissue specimens were collected in University of Wisconsin (UW) solution at 4°C for transportation and temporary storage. One part of the tissues was fixed in 10% formalin for histology and another part was stored in RNA-later for RNA isolation.
Histology
The formalin fixed tissues were embedded in paraffin wax, sectioned along the horizontal axis (5 lm thickness were cut using microtome, Leica, Germany), and heatfixed on microscopic slides [21] . After deparaffinizing the sections in xylene and dehydrated with graded concentrations of ethanol, Hematoxylin and Eosin (H&E) staining was carried out [22] . The H and E slides were mounted using xylene-based mounting media and imaged using an inverted microscope attached with CCD camera (Olympus BX51; Olympus America, Center Valley, PA) under bright field mode [23] . The histological evaluation of slides was performed qualitatively and independently by two blinded investigators which were confirmed by the third one.
Immunofluorescence
The antigen retrieval of deparaffinized sections was done in heat-induced epitope retrieval (HIER) buffer at 95°C for 20 min. After washing in PBS, the sections were subjected to blocking using 0.25% Triton X-100 and 5% horse serum in PBS at room temperature for 2 h. Primary antibody solution (1:50 diluted in blocking solution) was added and kept overnight at 4°C. After washing in PBS, fluorochrome-conjugated corresponding secondary antibody (1:100 dilution) was added and incubated for 2 h at room temperature followed by washing and mounting with 4 0 ,6-diamidino-2-phenylindole (DAPI)-containing mounting media. The sections were viewed using the fluorescent microscope (Olympus BX51; Olympus America, Center Valley, PA) and the images were taken and merged using Olympus DP71 camera and associated software. All the antibodies were procured from SantaCruz Biotech and a negative control with secondary antibody alone was also maintained to fix the exposure [24] . The primary antibodies used were mouse anti-human CD68 and mouse anti-human CD16. The donkey anti-mouse-FITC was used as the corresponding secondary antibodies [25] .
RNA isolation from tendon
Around 200 mg tissue from the proximal portion of the biceps tendons was minced to small pieces and Trizol reagent (1 ml) was added followed by homogenization. After 10 min at room temperature, Chloroform-isoamyl alcohol reagent (200 ll) was added, centrifuged at 12,000 rpm for 15 min. 500 ll isopropanol was added to the aqueous layer to precipitate RNA and again centrifuged at 12,000 rpm for 10 min to pellet down the RNA. The pellet was washed with 75% ethanol, dissolved in sterile RNase-free water, quantified, and stored at -80°C [26] . miRNA microarray RNA integrity number (RIN) score was obtained by bioanalyzer before hybridizing the samples onto the miRNA microarray (miRNA 4.0 array). The RIN score of the isolated RNA was between (2.1 and 4.8) due to the tissue characteristic. MiRNA microarray analysis was conducted at Kansas University Medical Center and the raw data were analyzed using Expression Console software (Alegent). The analysis was performed in two separate batches (two specimens from each group) and compared for the consistency of results [27] .
Gene identification using NetworkAnalyst
The interrelationship among the genes associated with inflammatory pathways was identified using NetworkAnalyst program from published database [27, 28] . The major genes and associated regulators of JAK/STAT pathway of inflammation [29] were used as input in NetworkAnalyst to assess the cross talk of these genes with other signaling pathways of inflammation (Table 1 ; Fig. 1 ). The list of genes generated was assessed individually for their target miRNA from the microarray data.
Results
Histology
Group 1 consists of 4 patients with glenohumeral arthritis and a massive rotator cuff tear and Group 2 included 4 patients without arthritis. Altered physiological architecture of tendon tissue was observed in the patients of both the groups and disorganization of extracellular matrix was prominent as evident from histomorphological changes which were prominent in Group 1. The inflammation was prominent in Group 1 as confirmed by the presence of immune cells, while it was mild/negligible in Group 2. The MRI analysis of the patients was also provided a similar trend (data not shown in the article). Apart from ECM disorganization, the Group 2 patients displayed normal tendon cells as well as normal tissues towards the median side, and the normal tenocytes were characterized by their less dense distribution of nuclei surrounding an intact ECM. However, the tenocytes were found to be clustered at the vicinity of ECM disorganization. Two patients of Group 1 showed fatty infiltration. Neoangiogenesis was also predominant in Group 1, while it was completely Table 1 The genes associated with JAK/STAT pathway of inflammation used as input to NetworkAnalyst Activity Genes Janus kinase activity JAK1, JAK2, JAK3, TYK2   STAT family  STAT1, STAT2, STAT3, STAT4, STAT5A, STAT5B, STAT6   Receptors  CSF1R, CSF2RB, EGFR, EPOR, F2R, GHR, IFNAR1, IFNGR1, IL10RA,  IL2RA, IL2RG, IL4R, IL6ST, INSR, 
Immunofluorescence
Immunofluorescence assessment of the tendon tissue specimens revealed the presence of CD68 ? macrophages ( Fig. 2 ) and CD16
? neutrophils (Fig. 3 ) predominantly in the Group 1 patients. This indicates inflammation associated with arthritis and the existence of macrophages and neutrophils was greater with respect to the severity of arthritis as evident from MRI analysis (data not shown in this article). All the Group 2 tendons showed the absence of macrophages and neutrophils (Fig. 4) .
miRNA alterations Group 1 versus Group 2
The microarray profiling of whole miRNA showed several fold alterations in the expression status of miRNAs which has regulatory roles in inflammatory pathways and associated genes. 196 miRNAs were found to be down regulated with a fold change less than -3. Several miRNAs like hsa-miR-191-5p, hsa-miR-361-5p, hsa-miR-1273 g-3p, hsa-miR-99b-5p, hsa-miR-145-5p, hsa-miR-99a-5p, and hsa-miR-100-5p were exhibited to have a fold change less than -50. Thirteen miRNAs were downregulated with a fold change between -50 and -20, thirty-one miRNAs possessed fold change between -20 and -10, while the rest of 144 miRNAs showed fold change in between -10 and -3 ( Table 2 ). Thirty-nine miRNAs were upregulated and out of which twenty-six were in the fold change between twofold and threefold and nine were in between threefold and fourfold change ( Table 3 ). The hsa-miR-4467 (4.09), hsa-miR-6723-5p (4.57), hsa-miR-8071 (5.14), and hsa-miR-5001-5p (5.57) were the highly upregulated ones.
The key genes associated with JAK/STAT pathway of inflammation as reported elsewhere were evaluated [29] and were used as input in NetworkAnalyst to assess the cross talk of these genes with other signaling pathways of inflammation. The data revealed the involvement and interaction between 3430 different genes (Supplementary Table 1 ). From this gene repository, the interactions among JAK2/STAT3 signaling pathway and corresponding cross talk were chosen and the gene numbers narrow down to 284 (Table 4 ). These 284 genes are active members of 120 different pathways connected with inflammation. Each of the pathways and number of genes (hits) are displayed in Supplementary Table 2 . The 113 genes associated with the immune system were displayed to be closely linked to inflammation via JAK2/STAT3 signaling and around 1500 miRNAs were found to play regulatory roles associated with these genes (Supplementary Table 3 ).
Hundreds of miRNAs obtained were exhibited multiple targets, where 77 miRNAs were found to regulate more than 10 genes (which altogether regulates 966 genes) where hsamiR-21-5p was prominent with 22 target genes ( Table 5) . Among these, hsa-miR-498 and hsa-miR-297 were arrows-inflammation, red arrows-angiogenesis, blue arrows-ECM disorganization, violet-fatty infiltration, and yellow arrowsnormal ECM with dense collagen deposition. The figures are shown in 9400 magnification upregulated ones. Neglecting the downregulated genes above -10FC, the miRNA list was again narrowed down to 25 which altogether regulate 330 genes associated with inflammation (Table 6 ). On considering the fold change, hsa-miR-145-5p (-55.42), hsa-miR-100-5p (-51.6), hsamiR-23b-3p (-35.32), hsa-let-7d-5p (-31.63), hsa-miR146a-5p (-29.52), hsa-miR-150-5p (-23.41), hsa-miR181a-5p (-21.34), and hsa-miR-193b-3p (-20.35) were downregulated more than 20-fold suggesting their potential role in regulating inflammation. These miRNAs participate in the regulation of 102 genes.
Discussion
Tendon disorders are mostly associated with pain and inflammation and a high proportion of patients are susceptible to other inflammatory diseases like glenohumeral ? expression in the tendon tissues of Group 1 and Group 2 patients by immunofluorescence. A Group 1 (four patient) and B Group 2 (represents four patient) patients. Group 1 tendons displayed higher density of neutrophils than Group 2 hsa-miR-26a-5p -13.97
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arthritis and/or osteoarthritis. Coincidence of such clinical conditions aggravates clinical symptoms and hurdles the repair and regeneration of injured tendon. The histology of patients with tendinopathy (without arthritis) presents degenerative lesions even without classical symptoms of inflammation [30] . However, in molecular level the upregulation of inflammatory receptors and immunoglobulins and an increased infiltration of immune cells were found to be coupled with tendinopathies [31] . The molecular mechanism leading to inflammation and enhanced cell infiltration in an otherwise avascular tissue like rotator cuff tendon is poorly revealed. Also, how the tendinopathies deal with the coincidence of arthritis is yet to be explored. The roles of cytokines like IL-6, TNF-a, IL-1b, and IFN-c and inflammatory mediators like prostaglandins were established in tendon tissue as well, but their regulatory mechanisms are largely unknown [4, 32] . Moreover, the epigenetic regulation of inflammatory responses by miRNAs in shoulder tendinopathies is rare in the literature. Our previous article evaluates and describes the regulatory roles of several potential miRNAs associated with the ECM integrity of long head of the biceps with respect to glenohumeral arthritis. The miRNAs common to ECM regulation and inflammation signify the interrelation of these two events in the pathogenesis of RCI [27] . The focus of this study was to elucidate and screen the miRNAs associated with inflammatory events regarding JAK2/STAT3 pathway using the data from the same set of patients. JAK2/STAT3 pathway is one of the predominantly operated signalings which ends up in the activation of a battery of proinflammatory genes. Members of JAK2/ STAT3 form potential targets for anti-inflammatory therapies [33] , and the pathway has been aggravated in inflammatory diseases like arthritis [34] . Limited reports are available on the execution of JAK2/STAT3 pathway in tendon tissue and the actual trigger for this pathway is largely unknown. JAK2/STAT3 pathway has also been reported to be regulated epigenetically by miRNAs as well as DNA and histone modifications. To cite, let-7 miRNA suppresses SOCS3 expression and blocks STAT3 phosphorylation by JAK2 and subsequent downstream signaling in PDAC (pancreatic ductal adeno carcinoma) cell lines, while the inhibition of let-7 resulted in IL-6 coupled activation of STAT3 [35] . However, to the best of our knowledge the reports regarding miRNA-mediated regulation of inflammation in shoulder tendon and the correlation with arthritis are unavailable in the literature. Our attempt was to screen and elucidate the roles of miRNAs associated with inflammation regarding JAK2/STAT3 pathway based on the coincidence of glenohumeral arthritis. In the current study, 10 miRNAs were found to be crucial for the JAK2/STAT3 pathway in shoulder tendon which has implications on inflammation associated with arthritis.
hsa-miR-145-5p was one of the top ten downregulated miRNAs from our array data which has been reported to be key to innate immune response [36] . miR-145-5p was reported to be involved in phagocyte differentiation, migration and action, migration and proliferation of endothelial cells, smooth muscle cells and lymphocytes, and TNF family of ligand-mediated apoptosis by activating NF-jb and MAPKs [37] . Our results also revealed the association of hsa-miR-145-5p with STATs and IFN-c and corresponding receptors which are related to JAK2/STAT3 pathway of inflammation. Also, the presence of CD68? macrophages, CD16? neutrophils, and angiogenesis, which were completely absent in Group 2, in our Group 1 patients substantiates the role of hsa-miR-145-5p in aggravating inflammation of shoulder tendon tissue which can be correlated with arthritis. hsa-miR-100-5p is another highly regulated miRNA whose targets were found to be NF-jb, MAPK (MAPK8 and MAPK1), IL-6 receptor, PTK2, and so on. Another potent target of hsa-miR-100-5p is mTOR which signifies its role in mTOR pathway resulting in cell growth and proliferation. The downregulation of hsa-miR-100-5p in Group 1 patients can be a reason for their delayed repair responses and persistence of tissue damage. The direct involvement of hsa-miR-100-5p in inflammatory pathways is unknown and our results suggest that it can be linked to inflammation via NF-jb and JAK2/STAT3 pathway through IL-6R. hsa-miR-23b-3p has been established to be a regulator of inflammatory cytokines including NF-jb and TNF-a and inhibits inflammation. hsa-miR-23b-3p is multifunctional and regulates pathways mediating cell proliferation, adhesion, differentiation, and apoptosis [38, 39] . Contrastingly, hsa-miR-23b-3p exhibited a 35.2-fold decrease in Group 1 tendons, where the inflammation and ECM damage was severe, suggesting the existence of alternate routes of regulation. From our data, it was evident that IL-6R, STAT5, and EP300 are regulated by hsa-miR-23b-3p and its downregulation results in the upregulation of these genes. Being a histone modifier (due to histone acetyl transferase activity), EP300 can facilitate the transcription of a battery of pro-inflammatory genes. let-7 (human lethal-7) miRNAs are highly conserved and common of all miRNAs which are a family of 13 miRNAs. hsa-let-7d-5p is involved in the regulation of cell cycle genes and its downregulation is linked with carcinogenesis [40] . The active role of hsa-let-7d-5p in inflammation is yet to be unveiled. IL5 and STAT5 form the target of hsa-let-7d-5p, as evident from our data, suggesting its role in inflammatory pathways. As with other highly regulated miRNAs, the downregulation of hsa-let7d-5p can be correlated with the severity of inflammation in Group 1 tendons.
hsa-miR-146a-5p is also a potent regulator of innate inflammatory responses and is found to be upregulated in cells challenged with TNF-a and lipopolysaccharide. hsamiR-146a-5p inhibits inflammation by targeting interleukin-1-receptor-associated kinase-1 (IRAK1) and TNF receptor-associated factor 6 (TRAF6), the modulators of NF-jb [41, 42] . hsa-miR-146a-5p was found to mediate IRAK, TRAF6, NF-jb, EGFR, and ICAM1 in our data which substantiate these findings. Also, the hsa-miR-146a-5p-mediated regulation of IL-1R and STATs in our results signifies the involvement of JAK/STAT pathway in RC tendon inflammation. Moreover, the downregulation of hsa-miR-146a-5p can be a potent reason for the severity of inflammation of Group 1 patients.
The main function of hsa-miR-150-5p was reported to be the regulation of angiogenesis [43] . It is also expressed in NK cells, and B and T cells of immune system, and the high levels of hsa-miR-150-5p are associated with defect in immune system and sustenance of inflammation [44] . Our data show several other targets of hsa-miR-150-5p of which NF-jb is typical for inflammation. The action of hsa-miR-150-5p causes the inhibition of NF-jb signaling and thereby inflammation [45] . This may be the reason why the downregulation of hsa-miR-150-5p correlates with the severity of inflammation and enhanced angiogenesis in Group 1 tendons.
hsa-miR-181a-5p is involved in inflammation associated with cancer and its main target was found out to be IL-1a. The anti-inflammatory effects of hsa-miR-181a-5p have been established in lipopolysaccharide challenged macrophage and monocyte cell lines [46, 47] . Apart from IL-1a, TNF-a and IL-6 were also established to be the targets for hsa-miR-181a-5p suggesting its anti-inflammatory roles. The feedback regulation elicited by hsa-miR-181a-5p against TNF-a-induced inflammation on targeting p300/ CBP on hepatic epithelial cells reveals its mechanism of regulation at the molecular level. TLR4 and NF-jb form other potential targets for hsa-miR-181a-5p and it has significant role in relieving oxidative stress associated with inflammation as well [46] . Moreover, hsa-miR-181a-5p is one of the prominent miRNAs reported to be regulated during exercise [48] and so has significant implications on tendinopathies. However, their regulatory roles in tendons, especially in shoulder tendons, are largely unknown. Our data revealed the IFN-c, MAPK1, IL-5, and IRAK1 to be the targets for hsa-miR-181a-5p which can be linked to JAK2/STAT3 pathway through IFN-c and MAPK1. The inflammation in Group 1 tendons can be a result of downregulation of hsa-miR-181a-5p and subsequent upregulation of these pro-inflammatory mediators. hsa-miR-193b-3p was demonstrated to be associated with tumor suppression by targeting D1 cyclins in prostate cancer cells [49] . hsa-miR-193b-3p also targets collagen type-2, aggrecan, and SOX5 and regulates chondrocyte metabolism [50] . To the best of our knowledge, the reports of hsa-miR-193b-3p-mediated regulation of inflammatory responses are rare. Our data show genes associated with inflammatory signaling especially, MAPK1, MAPK8, IRF1, IRAK1, and NF-jb are being targeted by hsa-miR-193b-3p as the miRNA is downregulated in Group 1 patients.
hsa-miR-498 was reported to be associated with rheumatoid cancer and arthritis as well as allergy [51, 52] . hsa-miR-498 has tumor suppressor function as it targets FOXO3 gene to inhibit cell proliferation [53] . Also, this miRNA activates smooth muscle cell proliferation mediated through VEGFR [54] . Even though limited reports are available regarding the regulation of hsa-miR-498 in inflammatory signaling, it can be linked to inflammation because EP300 and IL1R1 form potential targets [54, 55] . The results from our analysis showed hsa-miR-498 was upregulated in Group 1 tendons and acts by JAK3, NF-jb, and MAPK1 showing their role in inflammation. Still, the upregulation of NF-jb and MAPK1 by hsa-miR-498 can be less effective due to lesser fold degree of fold change (more than 10 times) when compared with miRNAs targeting the same. hsa-miR-297, another potentially upregulated miRNA in Group 1 tendons, is involved in multidrug resistance (MDR) in cancer cells by modulating MRP-2 (MDR-associated protein-2) [56] . IFN-c, IFNGR1, IRAK1, SOSC1, and Bcl2 are the target genes of inflammation mediated by hsa-miR-297 as derived from our data.
We are the first to report whole miRNA profile from shoulder tendon based on the coincidence of glenohumeral arthritis, and 10 miRNAs (8 downregulated and 2 upregulated) were chosen from the pool of highly regulated miRNAs based on their potent target inflammatory genes about JAK2/STAT3 pathway. Inflammatory pathways other than JAK2/STAT3 (TREM-1 signaling, TLR signaling, etc.) are also prevalent in shoulder tendons [25] . The compilation of all the inflammatory pathways, interconnecting genes, and associated miRNAs may pool up bulk of information which is beyond the scope of this article. Interestingly, we have reported similar approach to screen the miRNAs associated with ECM disorganization and several miRNAs were found to be common for ECM disorganization and JAK2/STAT3 pathway [27] . However, integration of miRNAs associated with the pathological events and pathways could be appreciated for screening and identification of miRNAs with therapeutic potential for the management of RCI.
These miRNAs could be valuable as signature miRNAs in the pathophysiology of RCI and might help in the treatment strategies for the repair of rotator cuff. Obviously, additional studies are warranted to elucidate their therapeutic potential. In vitro and in vivo evaluations of these miRNAs using appropriate mimics and inhibitors need to be validated before extending these to therapeutic arena. The supplementation of the downregulated miRNAs either individually or in combination can benefit millions of RCI sufferers throughout the globe. Moreover, the lack of normal control specimen, variations in clinical history patients, and lesser RNA yield (being collagenous and lesser cellularity of tendons particularly of Group 2 makes RNA isolation and purification challenging from the available biceps tendon) form major hurdles to the study. Still, the study has thrown new insights into the key miRNA players in shoulder tendon inflammation by effectively correlating with coincidence and severity of glenohumeral arthritis.
Conclusion
The miRNAs were screened with respect to their targets of inflammation mediated by JAK2/STAT3 pathway in patients with RCI and glenohumeral arthritis and patients without glenohumeral arthritis or rotator cuff tears. The levels of hsamiR-145-5p, hsa-miR-100-5p, hsa-miR-23b-3p, hsa-let-7d-5p, hsa-miR-146a-5p, hsa-miR-150-5p, hsa-miR-181a-5p, and hsa-miR-193b-3p were predominantly downregulated in glenohumeral arthritis tendon where the severity of inflammation was greater. This suggests their regulatory roles in eliciting inflammatory responses by targeting key inflammatory genes JAK2/STAT3 and interconnecting pathways. Targeting these miRNAs and the knowledge of their regulatory mechanisms would be critical to develop promising therapies in the management of shoulder pathology.
